Nonlinguistic properties of speech, including emotional tone of voice (ETV), are essential for optimal verbal communication. Typically charac terized by variations in prosody, loudness, pitch, syllable duration, and voice quality, a speaker's affective state directly influences ETV, providing listeners with information about the speaker's emotional and attitudinal state (Cutler, Dahan, & Donselaar, 1997) . There is some evidence to suggest that emotional information is processed differently from lexical information, as specific brain areas tend to exhibit stronger responses to emotional speech than to neutral speech, which cannot be accounted for by single acoustic par ameters (Ethofer et al., 2012) . Although ETV has a powerful influence on communication, the way ETV is processed during spoken word recog nition is not fully understood.
Researchers have adopted two general theories explaining the role of nonlinguistic variation during spoken word recognition. In extremely abstract theories, nonlinguistic properties are characterized as noise that must be stripped away, or normalized, to reveal the underlying phonologi cal content of a spoken word, which then gets mapped onto form-based lexical representations. After normalization, the noise is discarded and does not form part of the lexical representation. Research supporting normalization has found that variation in nonlinguistic properties of speech has processing consequences for spoken word recog nition (e.g., Mullennix, Pisani, & Martin, 1989) . Alternatively, episodic theories argue against nor malization, asserting that nonlinguistic features of speech, including ETV, are encoded as part of form-based lexical representations and are thus pre served during spoken word recognition. Research in support of episodic representations has found that nonlinguistic information gets stored as part of the lexical representation and impacts later per ceptual processing (e.g., Church & Schacter, 1994) . There is an emerging consensus that a com plete understanding of spoken word recognition requires recognition of both abstract and episodic representations. As a result, less extreme views, referred to as "weakly abstract" or "weakly episodic" have emerged to encompass the ways we use both types of representations during spoken word recog nition (Tenpenny, 1995) .
Recent research has found that the time course of spoken word recognition impacts whether abstract or episodic representations dominate processing (McLennan & Luce, 2005) . Specifically, variation in talker voice impacted word recognition (speci ficity effects) when processing was relatively slow, but not when processing was relatively fast. Further research has supported the time-course hypothesis (however, see Orfanidou, Davis, Ford, & Marslen-Wilson, 2011) . First, Mattys and Liss (2008) found that specificity effects emerged when participants responded slowly to degraded dysar thritic speech, but not when participants responded quickly to speech produced by healthy individuals. Second, Vitevitch and Donoso (2011) recently found that participants detected a change in talkers less often (i.e., a greater occurrence of change deafness) in an easy lexical decision task when responding quickly. Finally, McLennan and Gonzalez (2012) observed greater effects of vari ation in talker voice when participants responded slowly to words in a foreign accent than when they responded quickly to words in a native accent. These findings primarily support weakly episodic theories of spoken word recognition; however, they also make it clear that abstract theories should not be rejected entirely, as we use abstract represen tations early during spoken word recognition.
Previous research has also shown that variation in ETV affects the mechanisms through which humans process linguistic features of speech. Mullenix, Bihon, Bricklemyer, Gaston, and Keener (2002) investigated this relationship using a short-term speeded classification task. Participants responded more slowly when either the talkers or the ETV mismatched than when they matched. These results support episodic the ories and suggest that participants should take longer to respond when the ETV mismatches from one time to another than when the ETV matches from one time to another in a long-term priming task.
The current study informs theories ofspoken word recognition by addressing the long-lasting effects that variability has on the nature ofrepresentations under lying spoken language, as opposed to previous research regarding how such variability affects the processing of spoken words (e.g., Mullennix, Bihon, Bricklemyer, Gaston, & Keener, 2002) . Using long term priming in two experiments, the current study is the first to investigate whether intratalker variability in ETV affects listeners' perception of spoken words at different times during perceptual processing.
We used the long-term repetition priming para digm and a lexical decision task in two experiments to investigate specificity effects of ETV. Experiments 1 and 2 differed only in their sets of nonwords. In Experiment 1, the nonwords were unwordlike (yeeshgeesh), making the discrimination between words and nonwords relatively easy and processing of all items, including the experimental words, relatively fast. In Experiment 2, the nonwords were wordlike (bacov), making the discrimination relatively difficult and pro cessing relatively slow. The central research question under investigation was whether mismatches in ETV take time to influence spoken word recognition, as predicted by the time-course hypothesis. Therefore, we expected an attenuation (or absence) of specificity effects of ETV in Experiment 1, when processing was relatively fast, and greater specificity effects in Experiment 2, when processing was relatively slow. These results would indicate that abstract represen tations are more likely to dominate early during spoken word recognition, and episodic representations relatively late.
Alternatively, it is possible that no specificity effects will emerge. Such results would suggest that more abstract representations that are void of ETV information dominate throughout the dur ation of spoken word recognition, consistent with abstract theories. A final possibility is that specificity effects will emerge in both the easy and the hard experiments, implying that episodic representations that include ETV information dominate through out the duration of spoken word recognition. Thus, although our prediction at the outset of the study is based on the time-course hypothesis, any of the three patterns would inform current theories of spoken word recognition.
EXPERIMENT 1: EASY DISCRIMINATION

Method
Participants Seventy-five right-handed native English speakers with no reported history of speech or hearing dis orders were recruited from Cleveland State University and received partial or extra credit for participating.
Materials
Auditory stimuli consisted of 12 bisyllabic exper imental words spoken in a frightened emotional tone and 12 bisyllabic experimental words spoken in a sad emotional tone; 12 bisyllabic nonwords spoken in a frightened emotional tone and 12 bisyl labic nonwords spoken in a sad emotional tone; and 8 bisyllabic control items (4 words, 4 nonwords).
All words and nonwords were taken from Experiment 1 of McLennan and Luce (2005) . However, new auditory stimuli were recorded with a different speaker in two emotional tones of voice. To make the word-nonword discrimination relatively easy, the nonwords were unwordlike. The nonwords for Experiment 1 were created by using sequences with low phonotactic probability, determined by pos itional segment frequency and biphone frequency. All words and nonwords were spoken by the same speaker in both frightened and sad ETVs.
The mean log frequency of occurrence for the experimental stimuli was 0.79 (Kucera & Francis, 1967) . Upon initial recording, the experimental words spoken in a frightened ETV had a shorter duration than the experimental words spoken in a sad ETV (frightened M = 733 ms, SE = 33; sad
1 which is typical of emotional speech in English. To avoid confounding dura tiona! differences with reaction times (RTs), we equalized the durations of all wordlnonword items by expanding the sad version of the item and com pressing the frightened version ofthe item to match their mean duration. However, because a large amount of information contained in ETV is con veyed through the rate and duration of a spoken word, it is possible that artificially manipulating (equalizing) the durations of the stimuli could have unintended effects. Consequently, another condition was added in which the stimulus dur ations were "natural" (i.e., unedited stimuli). Thirty-seven of the participants heard equalized stimuli, and 38 heard natural stimuli. Prior to con ducting the main experiments, two separate screen ings confirmed the intelligibility of the natural and equalized word stimuli and the distinguishability of the ETVs. For the natural and equalized versions of all experimental words, at least 8 out of10 screening participants correctly shadowed each word, and at least 8 out of 10 separate screening participants indicated the intended ETV for each stimulus word. A mean of 98% of participants correctly sha dowed each natural word, and 96% identified the intended ETV of each natural word. A mean of 98% of participants correctly shadowed each equal ized word, and 9?0Al identified the intended ETV of each equalized word.
Recording auditory stimuli
We recorded auditory stimuli in a sound-attenuated room using Praat software (Boersma & Weenink, 2006) . A female speaker of a Midwestern dialect was paid $25 to portray words and nonwords in both frightened and sad ETVs. To achieve the appropriate emotional tones, she imitated the tone of a fictional character in a brief, written emotional situation (Leinonen, Hiltunen, Linnankoski, & Laasko, 1997) . Stimuli were edited into individual files and stored for later playback.
Design
Auditory stimuli spoken in frightened and sad ETVs were presented in two blocks: a prime followed by a target. Between the prime and target blocks, participants completed math pro blems for three to five minutes. For each block, half the stimuli were spoken in a frightened ETV and half in a sad ETV. Orthogonal combination of prime (match, mis match, unprimed) and target (frightened, sad) r~s~lted in six completely within-participants con ditiOns for each of the two between-participant s:i~ulus conditions (natural, equated). Across par tiCipants, each frightened and sad item appeared in e_v~ry possible condition. However, no single par tiCipant heard more than one version of a given word within a block.
Procedure
After providing informed consent, participants per formed a lexical decision task in which they decided as quickly and accurately as possible whether the item _they heard was a real word or a nonword by pressmg a green button for word on the right or a red button for nonword on the left on a response box. Mter the participant responded, the next trial was initiated. Mter 5,000 ms, the computer automatically recorded an error and presented the next trial.
In both the prime and target blocks, stimuli were presented binaurally over headphones. Stimulus presentation within each block was randomized for each participant. RTs were measured from the onset of the stimulus to onset of the button press response.
Results
First, separately for the equated and natural dur ations stimulus conditions, we excluded partici pants whose overall mean percentage correct (PC) fell two standard deviations below the grand mean, _resulting in the elimination of two partici pants m the equated condition and two in the natural condition. Next, we were prepared to replace missing RTs due to errors in both trials in ~given c?~dition with the mean of the correspond mg conditiOn; however, no such replacements were necessary in either stimulus condition. Finally, we replaced RTs more than two standard deviations beyond each condition mean with the mean of the corresponding condition, resulting in the repla cement of six cells in the equated condition and eight cells in the natural condition (i.e., less than 4% of the cells).
Mean Prime (match, mismatch, unprimed) x ETV (sad, frightened) x Stimulus (natural, equated) participant analyses of variance (ANOVAs) were performed on mean RTs to correct responses and PCs for the experimental words in the target block. Accuracy was 94% overall. There was a sig nificant main effect of stimulus; participants had higher PCs in the natural stimulus condition than in the equated, M = 96 and 92%, respectively, .F(1, 59)= 14.643, p < .001, 11~ = .199. Accuracy Of primary interest was the main effect of prime, which was significant, F(2, 118) = 28.361, p < .001, 11~ = .325. As expected, prime and ETV did not interact, F(2, 118) = 1.622, p = .202, 11~ = .027. Planned comparisons based on the main effect of prime revealed significant differences between the match and unprimed conditions (MOPmatch) and between the mismatch and unprimed conditions (MOPmismatcJ, indicating that both the match and mismatch conditions served as effective primes (both ps < .001). As expected, there was no difference between the match and mismatch conditions (i.e., no MOS;p > .99).
Discussion
Both matched and mismatched primes significantly facilitated lexical decision responses. Moreover, mismatched primes in the easy lexical decision experiment facilitated responses to targets as much as primes matched on ETV. These results 2 Traditional item analyses with items as random factors are inappropriate for the current experiments, as we carefully selected stimuli on the basis of variables known to affect the dependent variables under investigation. Furthermore, the design used counter balanced lists such that each item appeared in every condition (Raaijmakers, Schrijnemakers, & Gremmen, 1999) . Furthermore, long term repetition priming paradigms limit the number of items in a within-participants manipulation because increasing items tends to decrease the likelihood of obtaining long-term repetition priming effects, in turn decreasing power as a consequence of having few items (McLennan & Luce, 2005) . Therefore, two dummy variables representing allocation of participants to experimental lists were included in the ANOVAs. Because these dummy variables were included solely to reduce the estimate of random variation (see Gaskell & Dumay, 2003; Pollatsek & Well, 1995) , their effects are not reported. Note: RT =reaction time, in ms; SE =standard error of the mean; MOS =magnitude of specificity (match minus mismatch); MOPmatch= magnitude of priming for the match condition (match minus unprimed); MOPmismatch= magnitude of priming for the mismatch condition (mismatch minus unprimed).
are consistent with the previously discussed time Experiment 1, (b) 12 new spoken bisyllabic non course hypothesis: When processing was fast (as a words, and (c) eight bisyllabic spoken control result of the easy discrimination allowed by the items (4 words, 4 nonwords). To increase the diffi unwordlike nonwords), indexical specificity effects culty of the word-nonword discrimination task, the of ETV did not emerge.
nonwords were wordlike. Wordlike nonwords were Experiment 2 was conducted to test the hypoth taken from McLennan and Luce (2005), which esis that when processing is slowed by the use of were created by changing the endings of real wordlike nonwords, indexical specificity effects of words so that they became nonwords (e.g., ETV should emerge with the same experimental bygone, bygups). These nonwords were spoken by words as those used in Experiment 1.
the same speaker in both frightened and sad ETVs. The stimuli were recorded in a sound-atte nuated room by the same speaker as Experiment 1. All stimuli were edited into individual files and EXPERIMENT 2: HARD stored on computer disk for later playback.
DISCRIMINATION
Thirty-eight of the participants heard equalized stimuli, and 37 heard natural stimuli. This experiment is essentially a replication of Experiment 1, except for the nonwords. Instead of using unwordlike nonwords, we used wordlike Design and procedure nonwords in Experiment 2. This change was
The design and procedure were identical to those expected to slow participants' processing of all described in Experiment 1. items, including the experimental words. Therefore, we predicted that we would obtain indexical specificity effects for variability in ETV.
Results
Again, separately for the equated and natural con ditions, we excluded participants whose overall
Method mean percentage correct (PC) fell two standard devi
Participants ations below the grand mean, resulting in the elim Seventy-five different part1e1pants were recruited ination of one participant in the equated condition from the same population and met the same criteria and two in the natural condition. Next, we replaced as those in Experiment 1.
missing RTs due to errors in both trials in a given condition with the mean of the corresponding con Materials dition, resulting in the replacement of four cells in The stimuli consisted of (a) the same 12 bisyllabic the equated condition and two cells in the natural spoken experimental words as those used in condition (i.e., less than 1.5% of the cells). Finally, we replaced RTs more than two standard deviations beyond each condition mean with the mean of the corresponding condition, resulting in the replace ment of 10 cells in the equated condition and 9 cells in the natural condition (i.e., less than 4.5% of the remaining cells). Overall, RTs to primed conditions were shorter on average than RTs to the unprimed condition, primed M = 1,053 ms, unprimed M = 1,139 ms, !(70) = -6.242, p < .001, Cohen's d= -0.686. In addition, PCs to primed conditions were higher than PCs to the unprimed condition; however, this difference was not significant, primed
Prime (match, mismatch, unprimed) x ETV (sad, frightened) x Stimulus (natural, equated) participant ANOVAs were performed on mean RTs to correct responses and PCs for the exper imental words in the target block. Accuracy was 92% overall. There was a significant main effect of stimulus; participants had higher PCs in the natural stimulus condition than in the equated, M = 98 and 89%, respectively, F(1, 63) = 27.875, p < .001, ll~ = .307. A marginally significant main effect on PCs emerged for ETV, F(1, 63) = 3.984, p = .050, ll~ = .059. Mean PC was 94% for words in a frightened ETV and 90% for words in a sad ETV. For PCs, there was no main effect of prime, F(2, 126) = 1.492, p = .229, ll~ = .023. However, a marginally significant Prime x Stimulus interaction emerged, F(2, 126) = 2.733, p = .069, ll~ = .042, such that the greater mean PC for the match condition than for the mismatch condition only emerged in the equated stimulus condition.
Mean PCs as a function of prime type are reported in Table 1 . The overall mean RT and PC for the nonword stimuli were 1,242 ms and 89%, respectively (SEs = 27 ms and 1 %).
For RTs, there was no main effect of stimulus, on the significant main effect of prime revealed the predicted differences between the match and unprimed conditions, p < .001, and between the mismatch and unprimed conditions, p = .002, indicating that, as in Experiment 1, both the match and mismatch conditions served as effective primes. More importantly, there was also a signifi cant difference between the match and mismatch conditions, p = .036, indicating that the match condition served as a more effective prime than the mismatch condition.
Discussion
Both matched and mismatched primes produced facilitative effects on lexical decision responses. However, the difference between the matched and mismatched conditions demonstrates that words matching in ETV served as more effective primes than did primes mismatched on ETV. The pattern is consistent with our time-course pre dictions: When processing was relatively slow in Experiment 2, specificity effects of ETV emerged. In contrast, when processing was fast in Experiment 1, indexical specificity effects of ETV did not emerge. Consequently, these results provide further support for the general hypothesis that time course is an important factor m determining the role that indexical variability plays in spoken word recognition.
COMBINED ANALYSIS OF EXPERIMENTS 1 AND 2
RTs to correct responses to experimental target words in the hard condition were significantly longer than those in the easy condition, t(140) = -6.588,p< .001, Cohen's d=-1.0944 (easy M= 970 ms, hard M = 1,082 ms), indicating that the difficulty manipulation was successful. The same pattern emerged in PCs; participants made more errors in the hard condition than in the easy con dition; however, this difference was not signifi cant, t (140) 
GENERAL DISCUSSION
The central research question was whether mis matches in ETV take time to influence spoken word recognition, as predicted by the time-course hypothesis. We predicted that specificity effects of ETV would emerge when processing was slow, but not when processing was fast.
Regardless of whether the stimulus durations were natural or equalized across ETVs, both matched and mismatched primes facilitated lexical decision responses relative to words that were not repeated from the prime block to the target block (i.e., words in the unprimed condition). The results indicated that patterns of facilitative effects differed depending on the speed of responses. In Experiment 1, when processing was fast/easy, words matched and mismatched in ETV were equally effective primes. In Experiment 2, when pro cessing was slow/hard, primes matched in ETV were more effective than were mismatched primes.
The current results have important implications for spoken word recognition models that account for effects of nonlinguistic variation in speech. In particular, the results indicate that abstract rep resentations tend to play a role early during spoken word recognition, and episodic represen tations affect perceptual processing relatively late. Thus, listeners use both abstract and episodic rep resentations, and which type of representation lis teners use depends (at least in part) on the time course of processing. This time-course pattern occurs even when the speech signal consists of within-talker variability in ETV.
We are not arguing that time course is the only aspect of spoken word processing that can account for the effects of variation in ETV anq other non linguistic features of speech. Future research should consider other factors that may also influence the nature of the representation of words during spoken word recognition. For example, attention to a particular nonlinguistic feature like ETV may allow episodic representations to dominate, even when processing is relatively fast. Initial support for attentional modulation of the time course of specificity effects has been reported (Theodore & Blumstein, 2011) . It is also possible that emotional words draw listeners' attention to the ETV, or other nonlinguistic properties of the input. This possibility is supported by research demonstrating that ETV facilitates linguistic processing when words with emotional meanings are spoken in con gruent emotional tones (Nygaard & Qyeen, 2008; Wurm, Vakoch, Strasser, Calin-Jageman, & Ross, 2001) . Similarly, a listener's mood could bias attention toward a congruent/incongruent ETV, influencing which type of representation is likely to dominate recognition. In addition, age differences in attentional biases to positive and negative stimuli (Thomas, 2006) might influence which type of representation is accessed when recognizing words spoken in positive or negative emotional tones.
Although we have interpreted our results in the context of the time-course hypothesis, it is possible that the use of different types of nonwords affects more than just task difficulty and thus the time course of processing. For example, it is possible that participant strategies might shift as a function of the nonword manipulation. Indeed, one possi bility, consistent with the attention-based expla nation mentioned above, is that participants devote more attentional resources to processing the stimuli when the task is hard, and thus the attentional differences may underlie the effect, and not time, per se.
Although it was not a central focus of the current study, it is interesting that participants were more accurate when responding to words spoken in a frightened ETV than to words spoken in a sad ETV, even when durations of the stimuli were equalized across ETVs. Recent research has provided some evidence for the evol utionary relevance of fear over other emotions (Brosch, Sander, Pourtois, & Scherer, 2008) . It is possible that reacting more accurately to someone speaking in a frightened ETV aided survival rela tive to reacting to someone speaking in a sad ETV.
In conclusion, the present findings provide important new information that adds to our under standing of lexical representations involved in spoken word recognition. It is now clear that the ories of spoken word recognition need to account for the effects of intratalker variation in ETV on the speech signal over time.
